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1 Intro

HKL2MAP is a graphical user-interface for macromolecular phasing. The current version con-
nects several programs from the SHELX-suite to guide the user from analysing scaled diffraction
data (SHELXC), via substructure solution (SHELXD) and phasing (SHELXE) to displaying an
electron density map (Xfit). HKL2MAP can handle SAD, SIR, SIRAS or MAD data. This tuto-
rial describes the determination of phases from a MAD experiment is described.

HKL2MAP was written by Thomas Pape and Thomas R. Schneider. All rights are reserved.
The present version 0.1 is a beta-test version and can be obtaineddtoraider@ifom-

firc.it . The authors do not take any responsibility for the correct function of HKL2MAP

or any of the programs called by it. We do, however, appreciate reports on faulty, unexpected or
destructive behaviour techneider@ifom-firc.it

Information about thesHELX-suite of programs can be found sttelx.uni-ac.gwdg.de/
SHELX

Please cite the following references when you report the use of HKL2MAP:

HKL2MAP Pape T & Schneider TR (2003). personal communcation.
SHELXC Sheldrick GM (2003). @ttingen University.

SHELXD Schneider TR, Sheldrick GM (2002). Substructure solution with SHELXD, Acta Cryst.
D58:1772-1779.

SHELXE Sheldrick GM (2002). Macromolecular phasing with SHELXE, Z. Kristallogr. 217:644-
650.

XFIT McRee DE (1999). XtalView/Xfit - A versatile program for manipulating atomic coordi-
nates and electron density, J. Struct. Biol. 125:156-165.

2 Diffraction Data

The data used for this tutorial originate from a four wavelengths MAD-dataset on a Se-Met
derivative used to solve the structure B$cherichia colithioesterase 117 (TE-II). In addi-

tion to the MAD-data, a native data set to J9resolution was collected on the S-Met form

of the protein. The data were kindly provided by Zbyzsek Dauter and can be downloaded from
http://shelx.uni-ac.gwdg.de/"trs/mad/mad.html

The structure of TE-Il was determined in space gratg®2; with unit cell constants ofa =
96.0A, b = 120.0A, ¢ = 166.1A, a = 3 =~ = 90.C°. The data were processed witENzO and
SCALEPACK. The scaled and merged data were storestdaLEPACK .sca-format.

| code| A[A] | dmin [A] | filename|
hrm | 0.9747 2.5 | jia _hrem.sca
pk 0.9787 2.5 jla _peak.sca
ip 0.9793 2.5 | jia _nfl.sca

Irm | 0.9801 2.5 jila _Irem.sca
nat n/a 1.9 jia.hkl

Table 1. Overview of data sets used in this tutorigd.hkl is in SHELX-hkl4-format, i.e.
containsh, k, 1, I, o(I) in asci-format.



The refined structure of TE-II (pdb-code 1C8U) contains 2 x 4 Se-atoms in a total of 2 x 285
amino acids. The solvent content is ca. 66%. More information about the structure and its deter-
mination can be found in: Li et al. (2000) Nat.Stru.Biol. 7:555.



3 MAD phasing of TE-II

3.1 Starting HKL2MAP and Entering the Project Name

HKL2MAP can be started from aNix-command line:
% hkl2Zmap &

After closing the Welcome-Window, the Main-Window of HKL2MAP becomes visible (Fig-
ure??). At the top of the Main-Window, a Menu-Bar and an input line for the project name are
located. For the different programs called by HKL2MAP, the interface provides Panels that can
be openend and closed by clicking the respective boxes. The bottom part of the Main-Window
consists of a Status-Window containing the output generated by the called programs and a line
displaying brief context-sensitive help-messages.

File Tools

Project name : ||

I~ SHELXC - prepare +F or FA data from experiment
[~ SHELXD - find heavy atoms
|~ SHELXE - phasing and density modification

_I Current status of data preparation, substructure solution and phasing :

|
Click here to expand or shrink the module

Figure 1: HKL2MAP Main-window after starting the program.

To get started, a project name needs to be defined. This name will be used as a prefix for all
filenames used by HKL2MAP or theHELX-programs called by it.

Once the project name has been entered, all input-fields of the interface concerning input- and
output-filenames are loaded with default values derived from the project name, aswletivec-
Panel is opened (Figuf).
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File Tools Help |

Project name :  [jial

T S
Prepare Fadata from SAD | experiment.

|Mative in : [ Browse |
|H.H in: | Browse |

cell: a | b | c | alpha beta gamma |

Space group name or number : I confinmed : |

|Native out: | |jial.hkl Browse |
|Fa out : [jia1_fa hii Browse |

more options | view graphics | run SHELXC

[~ SHELXD - find heavy atoi

[~ SHELXE - phasing and density modification

_I Current status of data preparation, substructure solution and phasing :

SHELKXC

N

Figure 2: HKL2MAP Main-window after entering the project name.



3.2 Running SHELXC

To runsSHELXC, first the type of experiment has to be chosen. After the choice has been made, the
SHELXC-panel changes and presents input fields appropriate for the respective type of experiment.
For the present example, MAD has been selected and, in response, the interface generates input
fields for filenames for files containing the diffraction data for a native and four MAD data sets.
The filenames can be typed in or files can be selected using a browser that is actived by clicking
on the Browser-Button.

Fle Tools Help |
Project name :  |jial| |
g o i et
Prepare Fadata from  MAD al experiment.
|Nati\re in : |fh0meﬁrs.-’shelxi.-’jia.hkl Browse |
|Peak in : |fh0meﬂrs.-’shelxi.-’jia_peak.sca Browse |
|Inﬂ. in: |fh0mertrs.-’sheIxi.-’jia_inﬂ.sca Browse |
|HRem in: |fh0meﬂrs.-’shelxi.-’jia_hrem.sca Browse |
[LRemin : [ Browrse |
Cell: a [95.000 b [120000 ¢ [166730 alpha [90000  beta |90.000  gamma |30.000
Space group name or number : IW confinmed : |
|Mative out: | [jial.hk Browse |
|Faout : |jia1_ta.nkl Browse |
more options | view graphics | run SHELXC |

[~ SHELXD - find heavy atoms

|~ SHELXE - phasing and density modification

_I Current status of data preparation, substructure solution and phasing :

|/ SHELXCY/ SHELXD)/ SHELXE originall/ SHELXE inverted

i
I Filename for data collected at high energy remote |

Figure 3: HKL2MAP Main-window after a MAD-experiment has been selected and names of
files containing diffraction data have been entered.

As many ’'accidents’ happen due to misunderstanding between programs about space groups,
HKL2MAP requires an explicit confirmation of unit cell constants and space group (Confirmed-
Button) beforesHELXC can actually be started from the interface.

OncesHELXC is started by clicking on the Run-SHELXC-Button, the interface is blocked for
further input until the program has finished. The output of $isELXxc-run is directed to the
Status-Panel at the bottom of the Main-Window.

After SHELXC has finished, a graphical version of thieeLXC-output can be activated by pressing
the View-Graphics-Button. Clicking this button will open a graphics window allowing to display
various plots. The type of plot to be displayed can be selected using the Display-Menu in the



Graphics-Window.

fowes CCvs. Resokution -

HEEM/PEAK

Figure 4: The Graphics-Window for the resultsssfeLxC after choosing the plot of '"Anomalous
CC vs. Resolution’.

The plots shown in the Graphics-Window can be written in postscript-format using the Make-
Postscript-Option in the File-Menu of the Graphics-Window.



3.3 Running SHELXD

The name of the file containing substructure structures factors is automatically forwarded to the
SHELXD part of the interface. Also, the interface tries to suggest a high resolution cut-off for the
data used for finding the substructure.

The user has to supply the expected number of sites and the type of heavy atom in the crystal. In
this case, 8 Se-sites are requested, siELXD is started by pressing the Run-SHELXD-Button.

Project name :  jia1
o oo o
1 SHELXD - find heavy atoms COmax : 56.58 Try : 16 100 00:08:30 ’j
|Faiin : [jiat_ahkl Browse |
|Ins in: |jia‘| _fa.ins Browse |

Find IS heavy atoms of type . Use datafrom (3933 1o IS.D A resolution.

Allow sites on special positions? . yes 4 no

Limit number of tries to |1 oo °

|PDE out : [jiat_fa.pc Browse |
more options | view graphics | Run SHELXD |

[~ SHELXE - phasing and density modification
_I Current status of data preparation, substructure solution and phasing :

|/SHELXCY/SHELXD),SHELXE original\,/SHELXE inverted
HELF 3
END

++++ +Ht+t +Ht++ +Ht++ +Ht++ +Ht++ +
+ SHELXC for jial finished at 14:21:16 on 26 Oct 2003 +
+Htt ot ottt ottt ottt ottt +

L0 O

Figure 5: The Main-Window after entering the numbers necessary for staringlaxp-job.

The output from SHELXD is shown to the Status-Window at the Bottom of the Main-Window.
Again, a graphical display of the results can be activated by pressing the View-Graphics-Button.
As opposed to theHELXC-related plots, the plots describisgiELXD are automatically updated to
reflect the current status of tls&iELXD-run and can be inspected at any time duringtReLXxD-

run.

One useful plot is the plot of peak-height vs. peak number for the current best solution (Fig-
ure??). In favourable cases, this plot shows a clear drop indicating the last significant site of the
substructure.

A SHELXD-run can be interrupted at any time using the Finish-SHELXD-Button.
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Figure 6: The Graphics-Window showing a plot of peak-heigt vs. peak-number. A clear drop in
peak-height is seen between peak 8 and 9.



3.4 Running SHELXE

The names of the files containing the native data, the substructure structure factors and the best
sites found bysHELXD are automatically filled into the respective fields of gieeLXE-panel of
the interface.

Before calculating phases wisHELXE, the fractional solvent content (for convenience a widget

for automatic calculation of the solvent content can be activated by pressing the Estimate-Solvent-
Content-Button) has to be entered. Also the user has to supply the information whether or not the
native crystals contained the substructure atoms or not.

The interface allows to specify which enantiomorph of the substruture should be used for phas-
ing. As an alternative to testing the enaniomorphs one after the other, the respective jobs can
be run simultaneouly by choosing try both enantiomorphs. Dual-CPU computers are particularly
convenient to run the jobs for the two enantiomorphs in parallel.

File Tools Help |
Project name :  jia

|~ SHELXC - prepare sF or FA data from experiment 00:00:13

[~ SHELXD - find heavy atoms CCmax : 56.58 Try : 100 7 100 00:53:52

_I SHELXE - phasing and density modification Contrast: 0 Cycle: 0720 00:03:13
|Native in : |jia1.hkl Brivease |

|Fa in : [jia1_fahiki Bynwrse |
|3HELXD out : |jia1 _fa.res Brovwse |

Phase structure and refine density for |20 cycles.

Use fractional solvent content of ID.EE . stimate the solvent cunter|

Hative data i ~| include heavy atoms.

Invert heavy atom substructure for phasing? iy hodh anantienanhs ~|

|Phases oni : |jia‘| phs run xfit | Brovwsss |
|Phases inv : |jia1_i.phs run xfit | Brivessa |
more options | view graphics | finish original | finish inverted | —/

I _I Current status of data preparation, substructure solution and phasing :

[BHELKC /SHELHD! /SHEL XE originall/ SHELXE inverted,

02 point spherical net set up with radivs 2.423; rms deviation from
FFT grid = 0.233a; 12 extra Fourier layers will he generated

Overall CC between Eobs (from delF) and Ecalc (from heavy atoms) = 41 40%

{wk>
<wkr

—_

Figure 7: The Main-Window after startirgHELXE.

0.139 for initial phases
0.230 after including heavy atoms

=

The progress of the phasing calculations can be followed in the Status-Window or, more conve-
niently, by activating the graphical view of tleHELXE-output by pressing the View-Graphics-
Button. An important measure for phase quality is the 'Contrast’ between the variance in the
electron density in the protein region and in the solvent region for a given phase-set. Using the
Graphics-Window activated via the View-Graphics-Button in $vELXE-Panel, a continously
updated plot of the value of the contrast vs. cycle number can be displayed and the decision which
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of the substructure-enantiomorphs results in the correct phases can be made while the phasing
calculations are running.

- Contrastvs. Cycle -

Figure 8: The plot of contrast vs. cycle humber. The contrast-values for the original and the
inverted substructure are shown in red and blue respectively. Here, the inverted substructure is the
correct one.

When a clear difference between contrasts for the two enantiomorphs is seen, the phasing job using
the wrong enantiomorph can be interrupted by pressing the respective Finish-Original/Inverted-
Button to free the computing resources.

3.5 Displaying Electron Density
The electron density maps corresponding to the phase sets prodused ibye can be inspected

by pressing the Run-Xfit-Button corresponding to the required substructure enantiomorph in the
SHELXE-panel of HKL2MAP.
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Figure 9: Electron density map for TE-Il as displayedXsyT.
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